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Claims 

1 . Particles containing cobalt carbide. 

2. Particles described in Claim 1, which are hexagonal laminar particles. 

3. The hexagonal laminar particles described in Claim 2, having an average particle size of 
0.1-1 lam. 

4. Magnetic materials composed of cobalt carbide-containing particles. 

5. The magnetic materials described in Claim 4, in which the particles are hexagonal 
laminar particles. 

6. The magnetic materials described in Claim 5, in which the average particle size of the 
hexagonal laminar particles is 0. 1-1 |im. 

7. Method for manufacturing cobalt carbide-containing particles, characterized by bringing 
a powder made of particles containing Co(OH)2, CoOOH, or C03O4 into contact with CO or a 
mixture of CO and H2. 
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8- The manufacturing method described in Claim 7, in which the contact temperature is 
approximately 300-500°C. 

9. The manufacturing method described in Claim 7 or 8, in which the powder is made of 
hexagonal laminar particles, the method being for manufacturing hexagonal laminar particles. 

Detailed explanation of the invention 
Industrial application field 

The present invention pertains to novel particles containing cobalt carbide, magnetic 
materials, and their manufacturing method. 

Prior art 

Cobalt carbide is known as C02C and C03C in composition. For cobalt carbides, no 
information on their magnetic characteristics can be found, and magnetic materials, especially 
magnetic materials for magnetic recording, with cobalt carbide as the main component are not 
known. 

For magnetic materials for magnetic recording, usually needle-shaped iron oxide (Y-Fe203) 
is used, and the coercive force in this case is approximately 350-400 Oe. However, recently 
magnetic materials with higher performance have been in demand^ For increasing recording 
density, magnetic materials with high coercive force have been in demand. For such materials 
needle-shaped iron oxide particles modified with cobalt and needle-shaped Fe (metal) particles 
obtained by reduction of a-Fe203 or y-FciOs with hydrogen are known. However, in the former, a 
cobalt ferrite layer is crystallized on the surface of the needle-shaped y-iron oxide particles, and 
the thickness of the layer is changed for obtaining an arbitrary coercive force, therefore control is 
difficult. In the latter, when it is removed fi-om the reducing atmosphere and put into the ambient 
atmosphere it reacts with oxygen in the air and brings about combustion, thus some treatment is 
necessary. For example, replacing the reducing atmosphere by an inert gas and not making 
contact with the ambient atmosphere, transferring it to an organic liquid such as toluene and 
depositing it with a resin, thus requiring [a long] time in manufacture. 

Problems to be solved by the invention 

The objective of the present invention is to provide novel particles having high coercive 
force which are easy to manufacture, magnetic materials made fi^om the particles, and a method 
for manufacturing the particles. 
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Means to solve the problems 

The present invention pertains to cobalt carbide-containing particles and magnetic 
materials made of these particles. The particles can be manufactured, for example, by bringing 
particles containing Co(OH)2, CoOOH, or C03O4, preferably a powder made of hexagonal laminar 
particles, into contact with CO or a mixture of CO and H2. 

Of course the cobalt carbide-containing particles of the present invention include particles 
containing 1 00% cobalt carbide, but there are cases in which the particles contain cobalt oxide, 
elemental cobalt, and elemental carbon in addition to cobalt carbide. 

The particles of the present invention can be manufactured using a simple method and 
after the manufacture, they are stable when placed in the ambient atmosphere and moreover they 
possess high coercive force, thus they are excellent as magnetic materials. 

In the manufacturing method of the present invention, granular C03O4 as a raw material, 
for example C03O4 obtained.from heating hexagonal laminar Co(OH)2 at 200-350°C, followed by 
dehydration or fixrther heating at approximately 350-700°C to make the crystals compact, can be 
used. And Co(OH)2 and CoOOH can be used as raw materials also. It is preferable that the 
average particle size of these cobalt oxide raw materials and (oxy)cobalt hydroxide is 
approximately 0.1-1 [im. 

In the present invention, the above-mentioned cobalt compound raw materials are brought 
into contact with CO or CO/H2. The CO or CO/H2 can be diluted before they are used. Examples 
of diluents which can be used include N2, argon, helium, etc. The contact temperature, contact 
time, flow rate of gas, etc., vary with the manufacturing history of the cobalt compound raw 
material, particle size, specific surface area, dilution ratio of gas, etc., thus it is better to select 
them accordingly. The preferable contact temperature is approximately 300-500°C, preferable 
contact time is approximately 1-10 h,.and preferable flow rate of gas is approximately. 1-1000 
mL»STP/min per gram cobalt compound raw material. 

For the particles obtained using this method, for example, when particles containing 
Co(OH)2, CoOOH, or C03O4 as starting raw materials are hexagonal laminar particles, the 
particles obtained using this method will be made of hexagonal laminar particles as shown in the 
electron micrograph (100,000X magnification) in Figure 1, and they have the same shape as 
hexagonal laminar particles of the cobalt compound raw material which acts as skeleton particles, 
and the skeleton particles form primary particles. According to X-ray diffraction or electron beam 
diffraction, they contain cobalt carbide. If the carbonization is incomplete, they also contain cobalt 
oxide. According to X-ray diffraction or electron beam diffraction, cobalt carbide contains C02C 
as the main component. There are cases in which there are cobalt oxide, elemental cobalt, and 
elemental carbon in such particles. However, there are cases in which the presence of the former 
two may produce a distribution of coercive force, thus it is preferable that the less the amount of 
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these two the better, and for the latter, 20 wt% or less is especially preferable from the point of 
view of the coercive force. ' 

The average size of particles obtained using the manufacturing method of the present 
invention is slightly smaller than that of the cobalt compound raw materials, however, there is 
almost no difference and usually their average particle size is preferably approximately 0. 1-1 |im. 

The particles of the present invention are produced by bringing particles of cobalt 
compound raw material into uniform contact with CO or CO/H2, which is a sohd-gas reaction, the 
shape of the particles formed does not differ from that of the cobalt compound raw material, so in 
the particles formed, a large portion or all the cobalt carbide or cobalt carbide and elemental 
carbon are present on their surface, and it is inferred that if cobalt oxide or elemental cobalt is 
present, it is present mainly inside the particles. 

It is obvious from the aforementioned characteristics that cobalt carbide-containing 
particles of the present invention can be used as a magnetic material for magnetic recording, but it 
also can be used as a catalyst for the synthesis of lower aliphatic hydrocarbons from CO and H2. 

Application examples 

In the following, application examples will be used to explain the present invention in 
more detail 

Application Example 1 

Cobalt hydroxide particles with average particle size 0.3 ^im were put in a muffle fumace 
and heated at 500°C in air for 1 h to give C03O4 powder. 

1 g of the powder was put in a porcelain boat, then it was inserted in a tube fiimace, then 
it was heated at 300°C for 1 h while a 80/20 (volume ratio) gas mixture of CO/N2 was supplied at 
a rate of 200 mL per minute, thereby black hexagonal laminar particles were obtained. 

The product was analyzed by X-ray diffraction, and a small amount of cobalt and an 
unknown product were detected. The latter only was subjected to X-ray diffraction analysis and 
it conformed to the C02C of ASTM X-ray Powder Data File 5-0704. 

The magnetic properties of the product were measured using a direct current 
magnetization automatic recorder, and coercive force of 720 Oe and magnetization of 50 emu/g 
were obtained. The electron micrograph (100, OOOX magnification) which shows the structure of 
cobalt hydroxide particles (which is a starting raw material) is shown in Figure 2. 

Table 1 and Figure 3 show X-ray diffraction data and X-ray diffraction spectrum, 
respectively, of the cobalt carbide obtained. 

Table 1 
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Key: 1 Peak 

2 Application Example 1 

Application Example 2 

1 g cobalt hydroxide powder with average particle size 0.3 |im was put in a porcelain 
boat, then it was inserted into a tube fiimace, and heated at 320°C 2 h hours while a 50/50 
(volume ratio) gas mixture of CO/H2 was supplied at a rate of 150 mL per minute, thereby black 
hexagonal laminar particles were obtained. The product was analyzed by X-ray diffraction, and a 
small amount of cobalt and C02C were detected. 

The magnetic properties of the product were measured and a coercive force of 550 Oe 
and magnetization of 65 emu/g were obtained. 

Application Example 3 

20 mg cobalt hydroxide powder with average particle size 0.2 |im were put in a platinum 
holder, then differential thermal analysis was carried out at 10°C temperature increase per minute 
while CO gas was supplied at a rate of 60 mL per minute. The results are shown in Figure 4. As 
can be seen in Figure 4, a product whose composition was believed to be C02C was obtained near 
320°C. After the end of carbonization it was removed from the device and a black product was 
confirmed. The product was analyzed by an electron microscope and it was confirmed that . 
hexagonal laminar C02C was the main component which was the same as that shown in Figure 1. 

Brief description of the figures 

Figures 1 and 2 show respectively electron micrographs of the structure of cobalt 
carbide-containing particles of the present invention and cobalt hydroxide particles as the starting 
raw material. Figure 3 shows the X-ray diffraction spectrum of cobalt carbide powder obtained in 
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Application Example 1 . Figure 4 shows data obtained using a differential thermal balance (scale) 
when carbonization was carried out. 




Figure 2 
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